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The  results  of  the  diffractometer  method  for  measuring  the  mean  di- 
ameter of red cells, originally described by Young in 1813 and rediscovered 
by Pijper in  1919,  have hitherto  been unsatisfactory for one or another  of 
two  reasons,  or  for  both.  Pijper  (1919),  Berganzius  (1921),  and  Millar 
(1926) used white light, and in  the  clinical  instruments  of  Emmons, Eve, 
and  Haden the source is again either  daylight or an electric bulb.  Under 
such circumstances the wave length corresponding to any colored ring is un- 
known,  e.g.  the innermost ring is red,  and corresponds, not to a  red maxi- 
mum,  but to a  blue-violet minimum  (Allen and Ponder,  1928).  Although 
Allen and Ponder showed that the diffraction equations are exact if mono- 
chromatic light is used, the apparatus required  (a monochromator  in addi- 
tion  to  the  diffractometer)  is too complicated  for ordinary work;  most of 
the investigations since 1930 have accordingly been carried out by Ponder 
and Saslow's method  (1931) in which measurements are made with respect 
to the junction of two colored rings.  Again the wave length is unknown, 
and  the  calculations  involve  a  constant  obtained  by previous  calibration 
with monochromatic light.  Add to these difficulties as regards wave length 
the fact that in all the methods the measurements are subjective (and the 
intensities  which  the  eye has  to observe are  very low), and it will be ap- 
preciated that  the diffractometer method is not all it might  be. 
The following method avoids these difficulties. 
If plane  monochromatic  light  of wave length  k  is incident  normally  on 
an opaque disk of diameter d, there are produced by diffraction secondary 
waves having maxima and minima in directions at angles 0 with the incident 
ray  such  that 
~/IrX =  d sin 0  (1) 
where z/~r has the values 1.22  and 2.23 for minima of the first and second 
orders and the values 1.63 and 2.68 for maxima of the same orders.  If the 
light falls on a number of such disks in the same orientation  and  randomly 
distributed in a plane, the intensity of the diffracted ray in any given direc- 
tion will be the sum of the intensities of the rays diff,'acted in that direction 
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by all the disks separately.  If the diffracted light from all the disks  pass 
through a  lens,  there will be  formed circular maxima and minima in  the 
FIG.  1.  Diagram of diffractometer. 
For details, see text 
FIG.  2.  The diffractometer and Hg arc 
focal plane of the lens.  If r is the radius of the circle corresponding to the 
angle  of  diffraction  O,  then 
r 
sin 0  -  (2) 
where f  is the focal length of the lens. 
The diffractometer is shown in Figs.  1 and 2.  The plane SS' of the dif- 
fracting bodies  divides  the  instrument  into  two  parts.  The  part  below 
the plane  serves to  provide  plane  monochromatic light  of convenient in- 
tensity for visual and photographic observation.  The part above the plane 
is a  camera for obtaining the diffraction pattern either on ground glass or 
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Light from the mercury arc A  passes through  a  circular  window in  the 
box B  and a heat-filter C, which is a flat-sided flask full of water, to fall on 
a  mirror D  and to be reflected vertically through  another  circular window 
in the top of the box B.  Above this window is a  slot in which moves an 
opaque shutter and two filters, Didymium glass (Corning 512) and Wratten 
G, which can be placed over the window.  Above the window the light is 
converged by the lens E  set in the lower end of the opaque tube F.  This 
lens forms a reduced image of the arc on the diaphragm G.  The diaphragm 
is made  of copper foil and  has  a  hole 0.5  mm.  in  diameter  at its  center. 
Above the diaphragm, in the upper end of the tube F, is the lens H  with its 
principal  focus accurately on the pinhole  in  the diaphragm  G.  The light 
emerging  from H  is thus plane.  It is almost entirely monochromatic  (at 
least 99 per cent), giving only the green line of the mercury arc.  The blood 
film or other  diffracting  system is inserted in the space SS' above the  lens 
H.  Above  this  is  the  camera.  Its  parts  are  the  compound  lens  I,  the 
opaque  tube J,  and  the  top  K,  to  which  are  attached  rails  L  to  hold  a 
photographic plate holder or a piece of ground glass.  The lens I is at such 
a  distance below the top of the camera that it focuses parallel rays on the 
ground glass or photographic plate.  The tubes F  and J  are blackened on 
the  inside. 
The calibration  requires a  knowledge of the focal length f  of the lens I. 
This  is  conveniently  measured  by using  as  the  diffracting  system at  SS' 
a  transmission  diffraction  grating.  A  replica  grating  with  7630 lines  per 
inch is convenient for an apparatus  of the dimensions shown.  The image 
of the first order is formed at the angle 0 such that 
~  D  sin 0  (3) 
where D  is the grating space.  D  and ~ being known, 0 may be computed. 
The distance R  from the central image to the maximum may be measured 
on  the  photographic  plate.  The  focal length  may then  be found by the 
relation 
tan 0  =  R/.f  (4) 
In our instrument,f -  18.1 cm. 
The materials used in the apparatus are quite inexpensive.  None of the 
optical surfaces below the diaphragm  G  need be of any quality,  since the 
pinhole at G acts as a point source regardless of the shape of the wave front 
incident on it.  The lenses H  and I  should be fairly well corrected for as- 
tigmatism,  but  they  require  no  chromatic  correction,  since  the  light  is 
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accuracy is  required.  The  instrument  once  set up is permanently  in  ad- 
justment. 
The plates we use are Eastman  Kodak astronomical plates sensitized to 
the green line  (Type I-G and III-G), developed for 5 minutes in D-19 de- 
veloper at 65  ° F., washed 2 or 3 minutes in running  water, and then fixed 
for 10 minutes.  These plates are very fast, so that an exposure of 5 seconds 
or less is sufficient.  The optics of the apparatus  are so arranged  that  the 
first minimum  and  the  first maximum  fall nicely within  the exposed area 
of the plate  (Fig.  3). 
FIG. 3.  A typical diffraction pattern obtained for human red cells in their spherical 
form.  The first spectrum image of the green line of the Hg arc (the two symmetrically 
placed spots) appears superimposed on the diffraction pattern,  of which the first mini- 
mum and the first maximum can be clearly seen. 
The essentials of the diffraction patterns can be found with a very simple 
form  of analyzer  (Fig. 4).  A  Lange  thermopile  (supplied  by  Pfaltz  and 
Bauer, New York City) replaces the ocular of a  microscope with  a  moving 
stage in which  the  plate  is  held.  The  thermopile  is  connected  to  a  gal- 
vanometer  (enclosed  lamp  and  scale  type,  sensitivity  about  0.015  micro- 
amp./mm.),  with  a  decade  box  used  as  a  shunt.  The  microscope  is 
illuminated by a ribbon-filament lamp, and the objective is a high dry (about 
40 ×) scanning  areas of about 30/z in diameter. 
Since there is considerable halation  round  the image of the pinhole,  it is 
difficult to find the center from which r is to be measured.  We accordingly 
make the red cell preparations  (red cells in lecithinated  plasma; i.e., in the 
spherical form) on the back of the diffraction grating, covering the preparation 
with  a  large  coverglass.  In  this  way the  two  spots which  represent  the 
first order spectrum of the green line appear symmetrically placed about the 
central spot, and superimposed on the diffraction pattern of the cells.  The RICHARD  T.  COX  AND  ERIC  PONDER  623 
distance between the spots is measured, and this,  divided by 2,  gives the 
center of the  plate.  The  horizontal  transit  of  the  moving stage is  then 
moved outwards in the direction of the first minimum, and the reading at 
which the galvanometer reverses its direction is observed  (e.g.  20 mm. on 
FIG. 4.  The simplified microphotometer assembled 
TABLE  I 
,.  Best~3value 
Man ....................  87+7 
Rabbit ..................  57±7 
Sheep ...................  30±3 
80 
54 
29 
Diffractometric values 
91  83  82 
50  57  60 
33  31  34 
85 
56 
27 
the galvanometer scale).  A  point on the galvanometer scale, a  few milli- 
meters less than this, is selected arbitrarily  (e.g.  17 mm.), and by moving 
the horizontal transit first to the outside and then to the inside of the first 
minimum, two readings on the transit are obtained at which the galvanom- 
eter comes to rest at the  selected point.  The  distance  between  the  two 
transit  readings,  divided by 2  and  added to  the lower reading,  gives the 
position of the darkest part of the first minimum by interpolation.  From 624  NEW  FORM OF  DI_FFRACTOMETER 
this must be subtracted the reading on the transit for the central spot, and 
this gives r.  Since we  know f, X,  and z/zr, d  can be calculated from (1) 
and (2). 
The severest test to which the method can be put is to  compare the red 
cell volume,  calculated from the diffractometrically measured radius of the 
cells as spheres, with the "best value" for volume obtained by other methods 
(hematocrit, photographic, and colorimetric methods  (see  Ponder,  1934). 
Table I  shows what  the  correspondence is.  It  gives  the best value and 
five values, found by diffraction, for the volumes of the red cells of man, 
the rabbit,  and the sheep. 
Considering that,  in  using the microphotometer as described, a  change 
of 0.1 mm. on the transit corresponds to a change of about 4-5 per cent in 
the calculated cell volume, the averages of the five diffractometric values 
(man, 84, rabbit,  55,  and sheep, 31)  agree quite well with the best values. 
The apparatus may, of course, be used to give the diffraction patterns of 
circular objects other than red cells, or, if a  slit is substituted for the pin- 
hole G, for obtaining the diffraction patterns of hair, silk, wires, etc. 
SUMMARY 
A  simple  diffractometer is  described,  in  which monochromatic light  is 
focused on a  pinhole, rendered parallel,  and passed through a  film of red 
cells or other objects the size of which is sought.  The diffraction patterns 
are photographed on special plates, and the positions of the first minimum 
and of the first maximum are subsequently found by the use of a simplified 
microphotometer.  The  method  gives  substantially  the  same  results  for 
red cell radius and (calculated) volume as do other standard methods. 
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